Aims: To determine whether incidence, mortality, and case fatality for meningococcal disease (MD) differs by area deprivation, and if this has changed over time.
I
n the United Kingdom, Neisseria meningitidis is the commonest cause of bacterial meningitis in children and young adults, and is a frequent cause of septicaemia and shock in this age group.
1 2 Notifications of both clinical and laboratory confirmed cases of meningococcal disease reached a 10 year high in 1999. 2 Although the meningococcal serogroup C vaccine has had a dramatic impact on serogroup C disease, 3 the protective effect of the vaccine is serogroup specific. 4 Therefore, meningitis and septicaemia caused by the more prevalent serogroup B meningococcus (approximately 65% of cases) has been unaffected.
Numerous genetic, immunological, and environmental factors have been implicated in the aetiology of meningococcal meningitis and septicaemia. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] A positive association has been observed between social deprivation and the risk of meningococcal disease in both case-control studies 8 12 15 and prospectively collected data using an ecological marker of social deprivation. [16] [17] [18] These studies suggest that poorer areas or households are at greater risk of developing meningococcal disease, but two key questions remain. Firstly, as the incidence of meningococcal disease has increased in the UK, 2 has this pattern of increased risk also altered over time? Secondly, as poorer children have a greater risk of death from more common infectious conditions such as pneumonia, 19 20 does social deprivation also influence meningococcal mortality?
No previous study of meningococcal infection has been adequately powered to examine whether social deprivation influences mortality rather than the incidence of this disease per se. In this study, we have made use of data on meningococcal disease in children under 5 years of age for the whole of England available through the national hospital episode statistics (HES) database. Our specific objectives were to determine whether children living in poorer areas have higher incidence and mortality rates for meningococcal disease and whether the strength of these associations has changed between 1991 and 1999.
METHODS

Subjects
All cases aged less than 5 years of age with a diagnosis of meningococcal disease (ICD codes: 036 ICD-9, A39, ICD-10) and living in an English electoral ward were identified for the period 1991-99 (National HES data). Access to data from the HES database was obtained through the Department of Health after review by the security and confidentiality advisory group (an independent committee). For each subject, the following additional data were available: sex, electoral ward code, year of admission, source of admission, a discharge code (which includes death as an outcome), age in exact years, an NHS healthcare trust code, postcode, and date of birth. The last two variables were both encrypted to maintain anonymity but to enable record linkage. Repeat hospital episodes for the same child were identified by creating a ''pseudo-unique'' identifier based on children with the same diagnosis, sex, postcode, and date of birth. In this way multiple episodes were identified, and only the first was retained for analysis to avoid overcounting events. The numerator for each electoral ward was then calculated by summating all individuals with a diagnosis of meningococcal disease for that ward. The equivalent denominator data were taken from the 1991 census for boys and girls by age group for the same wards. Because of the introduction of ICD-10 coding in 1995, which contains a simplified but modified set of diagnostic criteria, we decided to split the time period into two categories, 1991-94 and 1995-99, so that within each period there would be no artifactual differences due to the change in coding.
Assessment of area deprivation
Routine denominator data for the number of boys and girls under 5 years by electoral ward were obtained from Manchester Information and Associated Services (MIMAS) from the 1991 census. Area deprivation was measured using the 1991 Townsend index for each electoral ward. 21 This is a standardised score (mean 0) based on the distribution of four variables: unemployment, car ownership, overcrowding, and housing tenure. A positive score indicates greater area deprivation, while a negative score indicates greater affluence. This score was used to allocate electoral wards to quintiles (five equal sized groups) so that quintile 5 consists of wards in the worst 20% area deprivation. This categorisation was done a priori on the basis of the large number of incident cases and to better characterise any non-linear trends.
Statistical analysis
Analyses were done separately for boys and girls and repeated for both incidence and mortality. Annual age standardised rates were calculated using the direct method with the distribution of boys and girls under 5 as the standard population. The association between incidence, mortality, and area deprivation quintiles was calculated using Poisson regression. Risk ratios and 95% confidence intervals were calculated for each quintile relative to the middle quintile (quintile 3) as the rates for quintile 1 were less robust due to small numbers of events, particularly for mortality. These analyses were also repeated using the negative binomial model to check for over dispersion, but there was no evidence that this was the case. We repeated our Poisson models using deprivation score as an ordinal variable to compare differences in the risk ratio for area deprivation score and outcome for the two time periods. The beta coefficient for area deprivation assumes the true association is linear. The differences between the beta coefficients for each time period and for both incidence and mortality were then calculated, and the 95% confidence interval for the difference calculated using the pooled standard errors. These were then exponentiated to produce the ratio of risk ratios with its respective 95% CI and two sided p value from normal distribution tables. This was done to investigate whether there was an interaction between the effects of area deprivation and time period-that is, was the effect of poverty on mortality, for example, worse in the second period compared to the first?
We finally used a logistic regression model to calculate the odds ratio of mortality by area deprivation score, adjusting for age and sex to determine if case fatality systematically differed for poorer areas. We chose to use this approach rather than model case fatality using Poisson regression as we felt that this would be more statistically efficient given the imprecision of the mortality rates for some strata.
RESULTS
Over the nine year period, there were 10 524 cases of meningococcal disease (5892 boys, 4632 girls), from which there were 441 deaths (4.2%) (238 boys, 203 girls). On average, the number of events per quintile was 526 for incidence and 22 for mortality across both time periods.
Changing incidence of meningococcal disease The overall annual incidence rate was 41.0 and 33.7 per 100 000 for boys and girls respectively. Incidence rates were higher for the second time period (45.4 per 100 000 for 1995-99) compared to the first (27.4 per 100 000 for 1991-94). For each time period there was a marked linear increase in incidence rate by quintiles of deprivation for both boys and girls (see table 1) so that rates for the most deprived 20% were around twice those for the most affluent 20%. However, the gradient between area deprivation and incidence declined over the two time periods despite the increase in overall rates. We formally compared these changes by calculating the ratio of risk for a one unit increase in deprivation for these two time periods. This was 0.95 (95% CI 0.91 to 0.99, p = 0.02) for boys and 0.92 (95% CI 0.87 to 0.96, p = 0.0005) for girls, indicating a less steep gradient for the second time period for both.
Trends in mortality for meningococcal disease Overall the mortality rates remained remarkably stable over the two time periods: 1.59 per 100 000 for 1991-94 and 1.57 per 100 000 for 1995-99. In parallel with the observed linear increase in incidence rate by quintiles of deprivation, an even stronger threefold gradient was seen for mortality rates across the top and bottom quintiles. The patterns were similar for each time period, and for both boys and girls, though the rates were lower and less stable, based on a far fewer number of events. However, this risk associated for mortality by area deprivation did not alter over time. The ratio of risk for the two time periods in relation to mortality was 1.01 (95% CI 0.82 to 1.25, p = 0.90) for boys and 0.94 (95% CI 0.74 to 1.18, p = 0.58) for girls.
Odds of mortality given risk of incidence Overall, the case fatality declined by around 40% as mortality rates remained fairly stable while there was a marked increase in incidence rates for meningococcal disease. Therefore to determine whether the higher observed mortality rates for poorer areas indicated variations in case fatality or merely reflected the higher incidence rates, we calculated the odds ratio of mortality by area deprivation score for the two time periods (table 2) . This analysis indicated an increased risk of mortality by worse area deprivation score, but the pattern was non-linear. In general the lowest odds were seen in the most affluent quintile and highest odds seen in the second and fifth quintiles. To test whether this Nshaped pattern may have been due to chance we compared the fit of our models using deprivation as a dummy nonlinear term and as an ordinal term, which assumes linearity, using the likelihood ratio test. All the p values for these comparisons were greater than 0.05, suggesting that a linear pattern was as consistent with the data as an N-shaped pattern.
We also repeated some of our analyses using quartiles of area deprivation as we were concerned that the N-shaped pattern may have been an artefact of this arbitrary categorisation. The revised odds ratios for quintiles of area deprivation for boys and girls combined are as follows: 1991-94: Q1 = 1.0, Q2 = 1.12, Q3 = 1.48, Q4 = 1.16; 1995-99: Q1 = 1.0, Q2 = 1.85, Q3 = 1.10, Q4 = 1.75. For the earlier time period the pattern has changed to look more like an inverted U, but for the second time period it continues to show an N-shape.
The trend per unit increase in area deprivation was slightly stronger for the second time period, but this is compatible with chance variation.
DISCUSSION
Using national hospital episode statistics for children aged less than 5 years, we confirm the marked increase in the incidence of meningococcal disease in the UK reported through other laboratory and clinical based notification systems.
2 This rise in incidence may be attributable in part to enhanced surveillance 22 23 and improvements in molecular diagnosis, 24 but there is considerable evidence to suggest that subsequent to these changes in data collection the upward trend has continued.
2 At the time of writing, data for 2000/2001 were not available to assess the impact of meningococcal serogroup C vaccination in the UK. 3 We have used this large data set to also show that there has been an appreciable fall in the risk of death (40%) from meningococcal disease among young children. This supports two recently reported small hospital inpatient studies which suggest a fall in mortality for meningococcal disease, particularly among septicaemic cases (in excess of 20% falling to less than 10%). 25 26 Although increased reporting of mild cases may account for some of this trend, 22 23 increased awareness, targeted postgraduate training, and the concentration of management of a critically ill children at specialist centres are thought to have had a significant impact. 25 26 These data confirm the previously reported association between the incidence of meningococcal disease and social deprivation in childhood, 8 12 15-18 and show for the first time an association between social deprivation and meningococcal mortality. We show that alongside an increase in the burden of meningococcal disease over the last nine years, the incidence and the mortality rates have remained highest among children from the most deprived electoral wards. Given the higher incidence rates in poorer areas, it is not unexpected that these areas also experience the highest mortality as well. Surprisingly, the odds of mortality, an indirect measure of case fatality, showed an N-shaped pattern. In general, case fatality was lowest in the first and was highest in the second most affluent and poorest quintiles. This was more marked for the second time period. This pattern may have been a chance finding and our results were equally consistent with a simpler linear trend. Further data will enable us to get more precise estimates, and this pattern will either attenuate, suggesting random variation, or persist, in which case further research is required to elucidate possible explanations.
The association between area deprivation and meningococcal disease is potentially of significant public health importance as it provides an avenue for population based primary prevention and intervention. The relation between childhood poverty and the incidence and mortality from infectious diseases such as respiratory tract infections, diarrhoeal diseases, and measles is well established, particularly in resource-poor countries. 20 However, in the absence of severe malnutrition in the UK, the precise mechanisms through which socioeconomic conditions operate are complex. In relation to the incidence of meningococcal disease, social deprivation may be a proxy marker for many other cofactors such as overcrowding, damp living conditions, passive smoking, viral upper respiratory tract infections, and other socially patterned exposures. 8-12 27 These factors may lead to increased exposure and/or carriage of Neisseria meningitidis or impaired host defences against bacterial invasion. 7 It is unlikely that any genetic risk factors for either meningococcal disease susceptibility or severity would show such strong social patterning to explain our observations. Once admitted to hospital there is no evidence that management or treatment is determined by social deprivation. Why our indirect measure of case fatality showed an N-shaped pattern is uncertain. Possible explanations include chance variation, delays in seeking healthcare, or differences in the likelihood of receiving early treatment prior to diagnosis at a primary care level. 19 28-32 Strengths and limitations of the study The use of a large national dataset has provided us with greater statistical power to analyse both incidence and mortality. The results are likely to be generalisable throughout the UK and potentially to other similar healthcare systems. However the study is limited by a number of factors. Despite aggregating data from nine years, we still had relatively small numbers of deaths once we had stratified by sex, time period, and area deprivation. Although clinical and laboratory diagnosis of childhood meningococcal disease, particularly in its severe forms, is generally reliable, the validity of our findings relies on accurate diagnostic coding. It is possible that there was some diagnostic misclassification of meningococcal disease under other conditions during the recording of the HES data, and deaths occurring before admission to hospital would not have been recorded. Ramsay et al have shown that reporting practice has changed between 1989 and 1995 and that the ascertainment of clinically diagnosed disease has improved. 22 While this may partially explain the increase in absolute incidence rates, as well as changes in ICD coding, there is no reason to believe that this would be systematically affected by electoral ward and hence area deprivation score.
We have used an ecological rather than individual marker of deprivation. Our results may therefore reflect the ''ecological fallacy'' as associations at an area level may not be reflected at an individual level. 33 However, this is unlikely as the same pattern has been observed in individual based studies and research for other infectious diseases. 8 12 15 20 We have attempted to remove duplicate admissions. For mortality this is not a problem as the event can only occur once. For incidence this is more problematic as subjects may be transferred both within an NHS healthcare trust, generating more than one finished consultant episode, or between trusts because of the need for specialist intensive care. Our method was able to identify such repeat admissions and only use the first episode; however, because the data were based on a pseudo unique identifier it is possible that errors will have occurred, though again it is unlikely that this was systematically biased by area deprivation.
Improving case management has been shown to improve the outcome of childhood pneumonia. 34 Early recognition and prompt antibiotic treatment are key components in the avoidance of the severe consequences of meningococcal of meningitis and septicaemia. Variations in symptom recognition and access to primary care or emergency departments are likely to vary in different health, material, and cultural settings. 35 Our findings suggest that although the main determinant of differences in disease mortality by area deprivation is risk of disease incidence, there may be an additional component due to sociocultural differences in disease presentation and/or early management. Although minimisation of poverty will have the greatest impact on disease prevention, in the short to medium term, improvements in access to healthcare and earlier treatment are more likely to reduce the rate of mortality from meningococcal disease for all social groups. Further studies to understand the mechanisms of the association between death from meningococcal disease and social deprivation will help determine the implications for clinicians and policymakers.
